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AMENDMENTS 

In the claims 

1. (Canceled). 

2. (Currently Amended) An integrated circuit with a bi-directional level shjfter, the bi- 
directional level shifter comprising: 

a first signal terminal operable as an input and an output, wherein when being operable as 
an input, the first signal terminal receives a first signal compatible with a first 
volLage domain of the integrated circuit and wherein when being operable as an 
output, the first signal terminal provides a shifted signal compatible with the first 
voltage domain of the integrated circuit; 

a second signal terminal operable as an output -and an input, wherein when being operable 
as an output, the second signal terminal provides a shifted signal compatible with a 
second voltage domain of the integrated circuit and wherein when being operable as 
an input, the second signal terminal receives a second signal compatible with the 
second voltage domain of the integrated circuit; and 

level shift circuitry coupled between the first signal terminal and the second signal 

terminal, the level shift circuitry translating the first signal compatible with the first 
voltage domain to the shifted signal compatible with the second voltage domain 
when the first signal terminal is operable as an input* the level shift circuitry 
translating the second signal compatible with the second voltage domain to the 
shifted signal compatible with the first voltage domain when the second signal 
terminal is operable as an input; 

wherein the level shift circuitry further includes at least one current cut-off transistor, 
wherein responsive to being non conductive, the at least one current cut-off 
transistor operates to cut off current flowing in a current path between a first 
voltage domain voltage supply and second voltage domain voltage supply; 
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wherein the at least one current cut-off transistor includes a first cut-off transistor 

disposed within the first voltage do main and a second transistor disposed within the 
second voltage domain. 

3. (Canceled) 

4. (Currently Amended) The intograt e doircuit of claim 2, farther An integrated circuit with 
a bi-directio nal level shifter the bi-directional level shifter comprising: 

a first signal terminal operable as an input and an output, wherein when being operable as 
an input, the first si gnal terminal receives a first signal compatible with a first 
voltage domain of the integrated circmt and wherein when being operable as an 
output, the first signal temiinal provides a shifted signal compatible with the first 
voltage domain of the integrated circuit: 

a second signal terminal operable as an output and an input, wherein when being operable 
asjffl output, the second signal terminal provides a shifted signal compatible with a 
second voltage domain of the integrated circuit and wherein when b eing operable as 
an input, the second signal terminal receives a second signal compatible with the 
second voltage domain of the integrated circuit: and 

level shift circuitry coupled between the first signal terminal and the second signal 

terminal, the level shift circuitry translating the first signal compatible with the first 
voltage domain to the shifted signal compatible wi th the second voltage domain 
when the first signal terminal is operable as an input, the level shift circuitry 
translating the second signal compatible with the second voltage domain to the 
shifted signal compatible with the first voltage domain when the second signal 
terminal is operable as an input: 

wherein the level shift circuitry further includes at least one current cut-off transistor, 
wherein responsive to being non conductive, the at least one current cut-off 
transistor operates to cut off current flowing in a current path between a fugt; 
voltage domain voltage supply and second voltage domain voltage supply : 

wherein the at least one current cul-off transistor includes first transistor and a second 
transistor, the first transistor being disposed within the first voltage domain and 
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having a control terminal coupled to a first voltage domain voltage supply, and a 
current terminal, and the second transistor being disposed within the second voltage 
domain and having a control terminal coupled to a second voltage domain voltage 
supply and a currenL terminal coupled to the current terminal of the first transistor. 

5. (Original) The integrated circuit of claim 4,wherein the first transistor is characterized as 
in NFET and the second transistor is characterized as an NFET. 

6. (Currently Amended) The integrated circuit of claim 2 An integrated circuit with a bi 
directional lovol shifter, the bi directional level shifter comprising: 

a first signal tormina] op e rabl e as an input and an output, whoroin when being operabl e as 
an input, tho first signal terminal receiv e s a first signal compatiblc - with a firnt 
voltag e domain of th e integrated circuit and wher e in wh e n b e ing operable as an 
output, tho firnt signal t e rminal provides a shifted signal - compatiblo - wrth th e firjt 
voltage domain of tho integrat e d circuit; 

a second signal t e rminal operabl e as an output and an input, whoroin when being operable 
as an outpiiU tho fiooond signal terminal provide s a shifted signal compatible with a 
s e cond voltage domain of tho integrated circuit and wherein when being operablo as 
an input, tho oocond signal terminal receives a scoond signal - compatibl e with th e 
second voltage domain of tho integrat e d circuit; and 

lev e l shift circuitry coupled between tho firm signal terminal and the second signal 

tefffimol, tho lev e l shift circuitry translating the first - signal compatibl e with the first 
voltage domain - to tho shifted signal computible with tho second - voltage domain 
wh e n th e first signal terminal is operabl e as on input, th e lev e l s hift circuitry 
t ranslating the second signal compatible with tho second voltag e domain to the 
shifted signal compatible with th e first voltago domain wh o n the s e cond signal 
terminal in operabl e as an input; 

wherein the level shifter has only one signal line that crosses a domain boundary between 
the first voltage domain and the second voltage domain. 

7. (Previously Amended) An integrated circuit with a bi-directional level shifter, the bi- 
directional level shifter comprising: 

4 



PAGE 5/15* RCVDAT 519/2005 4:16:20 PM [Eastern DayOght Time] * SVR:USPT<«FXRF-1/14 * DNIS:8729306 • CSID:5129966854 1 DURATION (mm-ss):04-56 



05/09/2005 HON 15s 16 PAX 512996685* 



E006/015 



a first signal terminal operable as an input and an output, wherein when being operable as 
an input, the first signal terminal receives a first signal compatible with a first 
voltage domain of the integrated circuit and wherein when being operable as an 
output, the first signal terminal provides a shifted signal compatible with the first 
voltage domain of the integrated circuit; 
a second signal terminal operable as an output and an input, wherein when being operable 
as an output, the second signal terminal provides a shifted signal compatible with a 
second voltage domain of the integrated circuit and wherein when being operable as 
an input, the second signal terminal receives a second signal compatible with the 
second voltage domain of the integrated circuit; and 
level shift circuitry coupled between the first signal terminal and the second signal 

terminal, the level shift circuitry translating the first signal compatible with the first 
voltage domain to the shifted signal compatible with the second voltage domain 
when the first signal terminal is operable as an input, the level shift circuitry 
translating the second signal compatible with the second voltage domain to the 
shifted signal compatible with the first voltage domain when the second signal 
terminal is operable as an input; 
wherein the level shift circuitry comprises: 

a current path between the first signal terminal and the second signal terminal, the 
current path including a first transistor and a second transistor, the first 
transistor being disposed within the first voltage domain and having a first 
current terminal coupled to the first signal terminal, a control terminal 
coupled to a first voltage domain voltage supply, and a second current 
terminal, and the second transistor being disposed within the second voltage 
domain and having a first current terminal coupled to the second signal 
terminal, a control terminal coupled to a second voltage domain voltage 
supply, and a second current terminal coupled to the second current terminal 
of the first transistor. 
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8. (Original) The integrated circuit of claim 7 wherein the current path is the only current 
path of the level shift circuitry to cross a domain boundary between the first voltage domain and 
the second voltage domain. 

9. (Currently Amended) The integrated circuit of claim 7 wherein the level shift circuitry 
further comprises: 

a first transistor located in the first voltage domain and having a first current terminal 
coupled to the first voltage domain voltage supply and a second current terminal 
j coupled to the current path; 

a second transistor located in the first voltage domain and having a first current terminal 
coupled the first voltage domain voltage supply and a second current terminal 
coupled to a control terminal of the first transistor, and a control terminal coupled to 
the current path; 

a third transistor located in the second voltage domain and having a first current terminal 
coupled to the second voltage domain voltage supply and a second current terminal 
coupled to the current path; 

a fourth transistor located in the second voltage domain and having a first current 
terminal coupled the second voltage domain voltage supply, a second current 
terminal coupled to the control terminal of the third transistor, and a control 
terminal coupled to the current path [[;]]. 

10. (Previously Amended) An integrated circuit with a bi-directional level shifter, the bi- 
directional level shifter comprising: 

a first signal terminal operable as an input and an output, wherein when being operable as 
an input, the first signal terminal receives a first signal compatible with a first 
voltage domain of the integrated circuit and wherein when being operable as an 
output, the first signal terminal provides a shifted signal compatible with the first 
voltage domain of the integrated circuit; 

a second signal terminal operable as an output and an input, wherein when being operable 
as an output, the second signal terminal provides a shifted signal compatible with a 
second voltage domain of the integrated circuit and wherein when being operable as 
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an input, the second signal terminal receives a second signal compatible with the 
second voltage domain of the integrated circuit; and 
level shift circuitry coupled between the first signal terminal and the second signal 

terminal, the level shift circuitry translating the first signal compatible with the first 
voltage domain to the shifted signal compatible with the second voltage domain 
when the first signal terminal is operable as an input, the level shift circuitry 
translating the second signal compatible with the second voltage domain to the 
shifted signal compatible with the first voltage domain when the second signal 
terminal is operable as an input; 
wherein the level shift circuitry further comprises: 

a first transistor located in the first voltage domain and having a first current 
terminal coupled to a first voltage domain voltage supply and a second 
current terminal coupled to the first signal terminal; 
a second transistor located in the first voltage domain and having a first current 
terminal coupled the first voltage domain voltage supply, a second current 
terminal coupled to the control terminal of the first transistor, and a control 
terminal coupled to the first signal terminal; 
a third transistor locaLed in the second voltage domain and having a first current 
terminal coupled to a second voltage domain voltage supply and a second 
current terminal coupled to the second signal terminal; 
a fourth transistor located in the second voltage domain and having a first current 
terminal coupled the second voltage domain voltage supply, a second 
current terminal coupled to the control terminal of the third transistor, and a 
control terminal coupled to the second signal terminal. 

1 1 . (Previously Amended) An integrated circuit with a bi-directional level shifter, the bi- 
directional level shifter comprising; 

a first signal terminal operable as an input and an output, wherein when being operable as 
an input, the first signal terminal receives a first signal compatible with a first 
voltage domain of the integrated circuit and wherein when being operable as an 
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output, the first signal terminal provides a shifted signal compatible with the first 

voltage domain of the integrated circuit; 
a second signal terminal operable as an output and an input, wherein when being operable 

as an output, the second signal terminal provides a shifted signal compatible with a 

second voltage domain of the integrated circuit and wherein when being operable as 

an input, the second signal terminal receives a second signal compatible with the 

second voltage domain of the integrated circuit; and 
level shift circuitry coupled between the first signal terminal and the second signal 

terminal, the level shift circuitry translating the first signal compatible with the first 
! voltage domain to the shifted signal compatible with the second voltage domain 

| when the first signal terminal is operable as an input, the level shift circuitry 

! 

translating the second signal compatible with the second voltage domain to the 
shifted signal compatible with the first voltage domain when the second signal 
terminal is operable as an input; 
wherein the integrated circuit further comprises: 

a first circuit coupled to the first signal terminal, the first circuit including 

circuitry to enable the first circuit to receive the shifted signal from the first 
signal terminal and circuitry to enable the first circuit to provide the first 
signal to the first signal terminal; 
a second circuit coupled to the second signal terminal, the second circuit 

including circuitry to enable the second circuit to receive the shifted signal 
from the second signal terminal and circuitry to enable the second circuit to 
provide the second signal to the second signal terminal. 

12. (Currently Amended) A method comprising: 

providing a first signal to a first signal terminal of a level shifter, the first signal 

compatible with a first voltage domain, wherein in response to the providing the 
first signal, the level shifter provides at a second signal terminal of the level shifter 
a shifted signal compatible with a second voltage domain; and 

providing a second signal to the signal terminal of the level shifter, the second signal 
compatible with the second voltage domain, wherein in response to the providing 



PAGE 9/15 1 RCVD AT 5/9/2005 4:16:20 PM [Eastern Daylight Time] 1 SVR:USPT0-EFXRF-1/14 * DNIS:8729306 1 CSID:51 29966854 1 DURATION (mm-ss):M"56 



05/09/2005 HON 15tl7 PAX 512996685* 



0010/015 



the second signal, the level shifter provides at the first signal terminal a shifted 
signal compatible with a first voltage domain; 

cutting off current of a current path of the level shifter between a first voltage domain 
voltage supply and a second voltage domain voltage supply when the voltage at the 
first signal terminal is at a high voltage; 

wherein the cutting off a current path further includes making non conductive a transistor 
of a first transistor and a second transistor, wherein the first transistor is located in 
the first voltage domain and has a control terminal coupled to the first voltage 
domain voltage supply and the second transistor is located in the second voltage 
domain and has a control terminal coupled to a second voltage domain voltage 
supply, wherein the first transistor is made non conductive to cut off Lhe current 
path when the first voltage domain voltage supply is lower than the voltage of the 
second voltage domain voltage supply and the second transistor is made non 
conductive when a voltage of the second voltage domain voltage supply is lower 
than a voltage of the first voltage domain voltage supp ly. 

13. (Canceled) 

14. (Currently amended) The method of claim +3- 15 wherein the cutting off a current path 
further includes making non conductive a transistor of a first transistor and a second transistor, 
wherein the first Lransistor is located in the first voltage domain and has a control terminal 
coupled to the first voltage domain voltage supply and the second transistor is located in the 
second voltage domain and has a control terminal coupled to a second voltage domain voltage 
supply, wherein the first transistor is made non conductive to cut off the current path when the 
first voltage domain voltage supply is lower than the voltage of the second voltage domain 
voltage supply and the second transistor is made non conductive when a voltage of the second 
voltage domain voltage supply is lower than a voltage of the first voltage domain voltage supply. 

1 5. (Currently Amended) The method of claim 12 further comprising: A method comprising: 
providing a first signal to a first signal terminal of a level shifter, the first signal 

compatible with a first voltage domain, wherein in response to the providing the 
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first signal, the level shifter provides at a second signal terminal of the level shifter 

a shifted signal compatible with a second voltage domain: and 
providing a second signal to the signal terminal of the level shifter, the second signal 

compatible with the second voltage domain, wherein in response to the providing 

the second si gnal, the level shifter provides at the first signal terminal a shifted 

signal compatible with a first voltage domain: 
cutting off current of a current n ath of the level shifter between a first voltage domain 

voltage supply and a second voltage domain voltage supply when the voltage at the 

first signal terminal is at a high voltage: 
enabling circuitry of a first circuit coupled to the first signal terminal and located in the 

first voltage domain to provide the first signal to the first signal terminal; 
enabling circuitry of the first circuit to receive the shifted signal from the second signal 

terminal. 

16. (Currently Amended) An integrated circuit with a level shifter, the level shifter 
comprising: 

a first signal terminal configured to receive a first signal compatible with a first voltage 

domain of the integrated circuit; 
a second signal terminal configured to output a shifted signal compatible with a second 

voltage domain of the integrated circuit, wherein the second voltage domain 

includes a power supply voltage that is higher than a power supply voltage of the 

first voltage domain; and 
level shift circuitry located in the second voltage domain, the level shift circuitry 

translating the first signal received via a signal line from the first voltage domain to 

the shifted signal and including means for cutting off current of a current path 

including the signal line sourced by a second voltage domain supply when the 

signal line is at high voltage; 
wherein the means for cutting off current includes at least one transistor coupled between 

the second voltage domain supply and the signal line: 
wherein the at least one transistor includes a first transistor having a current terminal 

coupled to the signal line and a control terminal coupled to a bias circuit for 
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maintaining a bias voltage on the control terminal, wherein the bias voltage is in a 
range between the power supply voltage plus a threshold of the first transistor and 
two transistor threshold voltages including the threshold voltage of the first 
transistor. 

17. (Canceled) 

1 8. (Original) The integrated circuit of claim 17, wherein the at least one transistor includes 
an NFET. 

19. (Canceled) 

20. (Original) The integrated circuit of claim 19, wherein the bias circuit includes a 
conductor coupled to a second voltage domain supply. 

21. (New) The integrated circuit of claim 2, wherein the level shift circuitry is characterized 
as bidirectional level shift circuitry. 

22. (New) The integrated circuit of claim 4, wherein the level shift circuitry is characterized 
as bidirectional level shift circuitry. 

23. (New) The integrated circuit of claim 7 7 wherein the level shift circuitry is characterized 
as bidirectional level shift circuitry. 

24. (New) The integrated circuit of claim 10, wherein the level shift circuitry is characterized 
as bidirectional level shift circuitry. 

25. (New) The integrated circuit of claim 1 1, wherein the level shift circuitry is characterized 
as bidirectional level shift circuitry. 

26. (New) The integrated circuit of claim 16, wherein the level shift circuitry is characterized 
as bidirectional level shift circuitry. 
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